Kinetics of the esterification of active pharmaceutical ingredients containing carboxylic acid functionality in polyethylene glycol: formulation implications.
Polyethylene glycols (PEGs) are attractive as excipients in the manufacture of drug products because they are water soluble and poorly immunogenic. They are used in various pharmaceutical preparations. However, because of their terminal hydroxyl groups, PEGs can participate in esterification reactions. In this study, kinetics of two active pharmaceutical ingredients, cetirizine and indomethacin possessing carboxylic acid functionality, has been studied in PEG 400 and PEG 1000 at 50 °C, 60 °C, 70 °C, and 80 °C. HPLC-UV was applied for the determination of concentrations in the kinetic studies, whereas HPLC-MS was used to identify reaction products. The esterification reactions were observed to be reversible. A second-order reversible kinetic model was applied and rate constants were determined. The rate constants demonstrated that cetirizine was esterified about 240 times faster than indomethacin at 80 °C. The shelf-life for cetirizine in a PEG 400 formulation at 25 °C expressed as t(95%) was predicted to be only 30 h. Further, rate constants for esterification of cetirizine in PEG 1000 in relation to PEG 400 decreased by a factor of 10, probably related to increased viscosity. However, it is important to be aware of this drug-excipient interaction, as it can reduce the shelf-life of a low-average molecular weight PEG formulation considerably.